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Abstract—A good noise reduction is a method that can reduce 
the noise level and preserve the details of the image. This paper 
proposes the development of a denoising method through 
hybridization of bilateral filters and wavelet thresholding for 
digital images in low light condition.In the first stage, the noisy 
image is passed through Bilateral Filter. However, only some 
amount of noise gets reduced and the image gives a blurred 
appearance. Hence to preserve the edge details and reduce the 
blur effect, Wavelet Thresholding is applied and it is proved that 
the proposed method is more successful to preserve the edges 
while suppressing the noise. 
Index Terms— Bilateral Filter, Wavelet Thresholding, edge 
preservation, image denoising.  
I. INTRODUCTION 
Nowadays, an image is synonymous to digital image and is 
very important for daily life applications such as satellite 
television, computer vision, medical imaging and etc. Digital 
images are inseparable parts of many applications. Acquisition, 
processing, and transmission of image, especially when 
performed in cost effective ways will generate undesirable 
artifact. For example, digital images taken by consumer’s 
digital camera may suffer from thermal sensor noise 
demosaicking noise and quantization noise [1]. 
In image denoising process, noise is undesired information 
that contaminates the image [2]. The information about the 
type of noise corrupting in the original image plays a 
significant role to determine the denoising technique. Typical 
images are corrupted with noise modeled as either or 
combination of the Gaussian noise, Salt and Pepper noise, 
Speckle noise, or Poisson noise. 
Low-light noise is a significant problem in photography. 
Most consumers’ cameras have poor low-light characteristics, 
which typically result in images with noticeable noise artifacts. 
Although camera technology has been improved extensively, 
noise still could not be eliminated completely [3]. Therefore 
this study proposes a denoising method which aims in noise 
reduction for digital image captured in low light condition.  
Many denoising methods have been proposed over the 
years, such as the Wiener Filter, Wavelet Thresholding [4][5], 
anisotropic filtering [6], Bilateral Filter [7], Total Variation 
method [8], and Non-Local Means methods [9].  
In the Wavelet Thresholding, a signal is decomposed into 
approximation (low-frequency) and detail (high-frequency) 
subbands, and the coefficients in the detail subbands are 
processed via hard or soft thresholding [10]. The main task of 
the wavelet thresholding is the selection of threshold value. 
Various threshold selection strategies have been proposed, for 
example, VISU Shrink, SURE Shrink and Bayes Shrink [11]. 
The Bayes Shrink approach determines the threshold value in a 
Bayesian framework, assuming a Gaussian distribution of the 
wavelet coefficient [12]. 
The Bilateral Filter was proposed by Tomasi et al [7]. It 
applies spatially weighted averaging. This is achieved by 
combining two Gaussian filters; one filter works in spatial 
domain, the other in the intensity domain. Therefore, not only 
the spatial distance but also the intensity distance is important 
for the determination of weights [12]. Hence, these types of 
filters can remove the noise in an image effectively [11].   
Combination of Bilateral Filter and Wavelet Thresholding 
was applied by Zhang and Guntruk to eliminate noise in real 
noisy images [11]. This method is also used by Sudipta Roy, 
Nidul Sinha and Asoke K. Sen to eliminate noise in medical 
image [13]. In these papers, the noise is modeled as Gaussian 
noise. Through these researches, this method has proven 
significant improvement in noise reduction for images 
corrupted by Gaussian noise. Since the Gaussian noise 
distribution has some similar characteristic with Poisson noise 
[14], this method is expected to provide effective noise 
reduction for Poisson noise as well. Thus, this work is done to 
investigate the performance of this method in digital image 
contaminated with Poisson noise. To our knowledge, such 
studies in hybridization of bilateral filtering and wavelet 
thresholding for Poisson noise reduction in digital image have 
not yet been done. 
The paper is organized as follows. The proposed method is 
described in Section 2. The results and analysis are discussed 
in Section 3. Finally, concluding remarks are drawn in Section 
4. 
II. PROPOSED METHOD
In this project, hybridization of Bilateral Filter and 
Wavelet Thresholding is proposed to find the best solution in 
image denoising especially for digital image in low light 
condition. This proposed method utilizes the advantages of 
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both Bilateral Filter and Wavelet Thresholding. Therefore the 
proposed method is expected to contribute a better 
preservation of fine details and edges in the image. While 
applying the threshold rule, the important features like edges, 
curves and textures can be identified.  
A. Bilateral Filter 
The Bilateral Filter is a nonlinear weighted averaging filter. 
The weights depend on both the spatial distance and the 
intensity distance with respect to the center pixel. It smoothes 
images while preserving edges with the nonlinear combination 
of nearby pixel values. This can be achieved by combining 
two Gaussian filters; one filter works in spatial domain, the 
other filter works in intensity domain. Therefore, not only the 
spatial distance but also the intensity distance is important for 
the determination of weights. 
The weakness of the Bilateral Filter is its inability to 
remove salt and pepper type of noise. It could not access to the 
different frequency components of a signal which fails to 
remove low frequency noise. Besides that, there is no study on 
the optimal values of σd and σr which are the parameters that 
control the behavior of the Bilateral Filter. Bilateral Filter is 
known to have good performance in noise reduction, but tend 
to oversmooth the fine details and edges. 
B.  Wavelet Thresholding 
The wavelets play a major role in image compression and 
image denoising. Wavelet coefficients calculated by a wavelet 
transform represent change in the time series at a particular 
resolution. By considering the time series at various 
resolutions, it is then possible to filter out noise. The term 
Wavelet Thresholding is explained as decomposition of the 
data or the image into wavelet coefficients, comparing the 
detail coefficients with a given threshold value, and shrinking 
these coefficients close to zero to take away the effect of noise 
in the data. 
During thresholding, a wavelet coefficient is compared 
with a given threshold and is set to zero if its magnitude is less 
than the threshold; otherwise, it is retained or modified 
depending on the threshold rule. Thresholding distinguishes 
between the coefficients due to noise and the ones consisting 
of important signal information. There are two general 
categories of thresholding which are hard thresholding and 
soft thresholding. Hard thresholding is a “keep or kill” 
procedure and is more intuitively appealing while soft 
thresholding shrinks coefficients above the threshold in 
absolute value. Wavelet threshold is effective in reducing 
certain amount of noise while preserving fine details and 
edges. 
In the first stage of this method, the noisy image is passed 
through Bilateral Filter to reduce as much as possible the 
amount of noise. In the second stage, the Bilateral Filter 
output is passed through the Wavelet Thresholding method to 
reduce the blurring at the fine details and edges regions. The 
process flow for the proposed method is shown in Fig. 1. 
 
 
 
 
 
 
 
 
 
Fig. 1. Flow of Proposed Method. 
 
III. RESULTS AND ANALYSIS 
 
We have conducted some tests to the selected images 
which are ‘Kuala Lumpur’ (367x374), ‘Johor’ (375x500) and 
‘Sarawak’ (599x442). All of the three images are tested with 
Method 1: Bilateral Filter and Method 2: Proposed Method 
(Hybridization of Bilateral Filter and Wavelet Thresholding 
(db4, Bayes soft thresholding, level of decomposition = 1)). 
These images are corrupted by Poisson noise. To do a 
quantitative comparison, we simulated the test images under 
different Poisson distribution, λ, which represent low noise; 
0.00001, medium noise; 0.001, and high noise; 0.1, 
respectively. From the test, there are three evaluation methods 
that we utilized, which are: a) Peak Signal to Noise Ratio 
(PSNR), b) Mean Squared Error (MSE), and c) visual effects. 
To calculate the PSNR, we used: 
 
PSNR ൌ  10 ൈ  log10ሺ 255 ൈ 255 / MSEሻ     (1) 
 
While for the MSE, we used: 
 
MSE ൌ  ∑ Aሾሺ୫,୬ሻିBሺ୫,୬ሻሿ ଶMൈN    (2) 
 
where :A is the original image and B is the reconstructed 
image. M and N are the number of rows and columns in the 
input images. 
The higher values of the PSNR we get, the better quality of 
images are produced, whereas the lower value of MSE, the 
lower error in the images. 
The evaluation results are given in Figs. 2 and 3, 
respectively. From Figs. 2 and 3, we can see that the results 
for PSNR and MSE values vary for different noise levels. For 
low and medium noise levels, the values of the PSNR and 
MSE for the Proposed Method are higher than Bilateral Filter. 
On the other hand, for higher noise scale, the value for 
Proposed Method is comparable to Bilateral Filter. From here, 
we can conclude that the Proposed Method has significantly 
better denoising performance in comparison to Bilateral Filter 
alone.  
 
Noisy 
Image 
Apply 
Thresholding 
Bilateral 
Filter 
DWT 
IDWT Denoised 
Image 
2013 IEEE International Conference on Control System, Computing and Engineering, 29 Nov. - 1 Dec. 2013, Penang, Malaysia
978-1-4799-1506-4 ©2013 IEEE
(a) 
(b) 
(c) 
Fig. 2. PSNR evaluation for different nois
 
 
 
e levels. Fig. 3. MSE evaluation 
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for different noise levels. 
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       a)  Original Image                b)  Noisy Image 
 
 
 
 
 
 
 
 
 
 
 
 
 
        c)  Bilateral Filter           d)  Proposed Method  
 
Fig. 4. Kuala Lumpur with low noise level (λ = 0.00001) 
 
 
 
 
 
 
 
 
 
 
 
 
       a)  Original Image              b)  Noisy Image 
 
 
 
 
 
 
 
 
 
        c)  Bilateral Filter           d)  Proposed Method  
 
Fig. 5. Johor with low noise level (λ = 0.00001). 
 
 
 
 
 
 
 
 
       a)  Original Image                            b)  Noisy Image 
 
 
 
 
 
 
 
 
         
          c)  Bilateral Filter                         d)  Proposed Method  
 
Fig. 6. Sarawak low noise level (λ = 0.00001). 
 
 
 
 
 
 
 
 
              
       a)  Original Image                            b)  Noisy Image 
 
 
 
 
 
 
 
 
 
              c)  Bilateral Filter                      d)  Proposed Method  
 
Fig. 7. Kuala Lumpur with medium noise level (λ = 0.001). 
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              c)  Bilateral Filter                 d)  Proposed Method  
 
Fig. 8. Johor  with medium noise level (λ = 0.001). 
 
 
 
 
 
 
 
 
 
               a)  Original Image                    b)  Noisy Image 
 
 
 
 
 
 
 
 
              c)  Bilateral Filter                 d)  Proposed Method  
 
Fig. 9. Sarawak with medium noise level (λ = 0.001). 
 
 
 
 
 
 
 
 
          
         a)  Original Image                b)  Noisy Image 
 
 
 
 
 
 
 
 
           
          c)  Bilateral Filter                 d)  Proposed Method  
 
Fig. 10. Kuala Lumpur with high noise level (λ = 0.1). 
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  c)  Bilateral Filter                 d)  Proposed Method  
 
Fig. 11. Johor with high noise level (λ = 0.1). 
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               a)  Original Image                    b)  Noisy Image 
 
 
 
 
 
 
 
 
 
  c)  Bilateral Filter                 d)  Proposed Method  
 
Fig. 12. Sarawak with high noise level (λ = 0.1). 
 
Figs. 4 to12 show the visual effects comparison of 
denoising result for different night vision images. Figs. (4, 5, 
6) illustrate the effect of low Poisson noise level, Figs.  (7, 8, 
9) are for medium Poisson noise level, and Figs. (10, 11, 12) 
are for high Poisson noise level, respectively.  
Based on the visual effects, they show that although the 
output images from Bilateral Filter looks smooth and clear, 
but most of the fine details and edges are oversmoothed and 
the image blurred. Therefore, by applying Wavelet 
Thresholding, it multiplies the adjacent wavelet sub bands and 
strengthens the significant features in the image which 
indicates that our proposed method is better in image 
denoising. 
IV. CONCLUSION 
In this paper, image denoising using hybridization, 
which integrates both Wavelet Thresholding and Bilateral 
Filtering is performed. From the result, we can conclude that 
the performance of the method is significantly better than 
Bilateral Filter in most noise levels in terms of PSNR and 
MSE. As for the visual effects, the proposed method provided 
better denoising while preserving the fine details and edges.  
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